ABSTRACT The effect of temperature on life history parameters of Muscidifurax raptorellus Kogan & Legner was determined and compared with species currently attacking ßy pupae in feedlots and dairies in Alberta. Immature developmental times declined from 72 d at 15ЊC to 13 d at 30ЊC for females. Male developmental time averaged 96% of female developmental time. Immature survival ranged from 0.23 at 15ЊC to 0.93 at 25ЊC, then declined to 0.42 at 33ЊC. Emerging wasps averaged 0.60 female, with an average of 8.6 and 6.2 progeny produced per parasitized pupa in Musca domestica L. and Stomoxys calcitrans (L.). Female longevity declined from 11 to 5 d as temperatures increased from 15Ð33ЊC. Time to 50% progeny production followed a similar pattern. Lifetime progeny production increased from 28 Ð37 progeny per female at 15ЊC to 85Ð120 at 20 Ð25ЊC, then declined to 48 Ð50 progeny per female at 33ЊC. The net reproductive rate increased from 1.8 Ð2.3 females at 15ЊC to 39 Ð 48 females/female at 25ЊC, then declined to 13Ð15 females per female at 33ЊC. Mean generation time declined with temperature. The intrinsic rate of increase increased from 0.007Ð 0.010 females/female/d at 15ЊC to 0.203Ð 0.206 females/female/d at 30ЊC, then declined to 0.173Ð 0.186 females/female/d at 33ЊC. M. raptorellus had lower lifetime progeny production, net reproductive rate, and intrinsic rate of increase at all temperatures compared with Muscidifurax raptor Girault & Sanders. Life history parameters of M. raptorellus compared favorably to those of Muscidifurax zaraptor Kogan and Legner at all but the highest temperatures, and also with those of Trichomalopsis sarcophagae Gahan at all temperatures. It does not appear that there is any climatic barrier to the use of M. raptorellus for inundative releases for ßy control in Alberta.
PARASITIC WASPS (Hymenoptera: Pteromalidae) can be important components of integrated pest management (IPM) systems for house ßies, Musca domestica L., and stable ßies, Stomoxys calcitrans (L.), in cattle feedlots and dairies. A gregarious species of Muscidifurax was discovered parasitizing house ßy pupae in Nebraska feedlots in 1990 (Petersen and Currey 1996b) and was later conÞrmed by molecular studies as Muscidifurax raptorellus Kogan and Legner (Antolin et al. 1996) . This species is easy and economical to rear as it produces multiple offspring per parasitized host (Petersen and Currey 1996b) . It has shown potential for causing high levels of parasitism of house ßy pupae in feedlots when used in an inundative release program Cawthra 1995, Petersen and Currey 1996a) .
Field surveys indicate that parasitism of sentinel house ßy pupae is low in dairies and feedlots in Alberta, with seasonal parasitism rates ranging from 1.5Ð 1.6% (Lysyk 1995) to 0.24 Ð 0.25% (Floate et al. 1999) . The most common species include Muscidifurax raptor Girault & Sanders, Muscidifurax zaraptor Kogan & Legner, and Trichomalopsis sarcophagae Gahan (Lysyk 1995) . The inßuence of temperature on life history parameters has been thoroughly studied for all three of these species (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . Because M. raptorellus is closely related to two of the most common parasitoid species in Alberta and has been used successfully in Nebraska, it may be a useful species to consider for inundative releases in Alberta. At present, there is relatively little information on the response of M. raptorellus life history parameters to temperature. Immature development at 20, 25, and 30ЊC and adult longevity at 25ЊC has been reported (Petersen and Currey 1996b) . Various life history parameters have been reported at 25.5ЊC (Legner 1987 (Legner , 1988a (Legner , 1988b (Legner , 1988c .
Introduction of non-native biological control agents requires they be climatically adapted to the geographic area where they are to be used (van Lenteren and Woets 1988) . Because M. raptorellus does not occur naturally in Alberta, this study was conducted to determine if it might be suited to our local climate during the summer months. This was accomplished by determining the relationships between its life history parameters and temperature, and comparing these relationships with those reported for the three most common species in our area (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 .
Materials and Methods
Insect Rearing. House ßy and stable ßy pupae were obtained from stock colonies maintained at Lethbridge Research Center using previously described methods (Lysyk 2000 (Lysyk , 2001 . House ßy pupae were used for parasitoid rearing. A colony of M. raptorellus was used for experiments and was provided by Dr. J. J. Petersen, USDA-ARS Midwest Livestock Insects Research Laboratory, Lincoln, NE. Adults were held in clear plastic cages at 25ЊC and a photoperiod of 16:8 (L:D) h and fed 10% sucrose in water. Screen bags containing house ßy pupae were provided every two Ϫ3 d for parasitoid oviposition.
Experiments were conducted in constant temperature cabinets set at 15, 20, 25, 30, and 33ЊC using protocols similar to those reported previously (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . Hourly temperatures were recorded within each cabinet using a CR7 datalogger (Campbell ScientiÞc, Logan, UT) and the average temperatures insects experienced during the course of each study was calculated and used in the development of relationships between life history parameters and temperature. The average temperatures were within Ϯ 1.0ЊC of the programmed temperatures.
Immature Development and Survival. Screened bags containing equal numbers of house and stable ßy pupae were placed separately in the cage containing parasitoid adults for 16 h, removed, and placed into individual wells of 96-well titer plates. Plates were transferred to each temperature and examined daily for parasitoid emergence. The entire experiment was conducted using four replicates of n ϭ 96 pupae per host per temperature. Replicates one and two were established simultaneously. Replicates three and four were established one and 2 wk later respectively. The wells of the titer plates were individually coded, and the date that parasitoids emerged from the pupa within a well was recorded. Once emergence was completed in a plate, the numbers of male and female parasitoids within each well were counted. The time to 50% eclosion was calculated separately for males and females in each host-temperature-replicate. The relationship between temperature and immature developmental rate (ϭ1/time to 50% eclosion) was determined using the equation
where y ϭ 1/time to 50% eclosion, ϭ ЊC, ␤ 0 and m are empirical parameters, and ␤ 1 and ␤ 2 correspond to the lower and upper temperature limits for development (Briere et al. 1999) . Parameters were estimated using nonlinear regression (SPSS 1998) and were compared with 0 based on nonoverlap of Ϸ95% CI. The effect of parasitoid sex and developmental host species was determined by comparing the error sum of squares of a model containing host or sex effects to that of a model without host or sex effects. Proportional variation in developmental time was calculated for each host-temperature-sex-replicate combination as SD/(time to 50% eclosion) and used in an analysis of variance (ANOVA) to determine if proportional variation was inßuenced by host species, sex, and temperature. The cumulative proportion eclosion at normalized time x ϭ time/time to 50% eclosion was calculated for each sex-host-temperature-replicate combination and Þt to the equation
where z ϭ (x max Ϫx)/(x max Ϫx min ), x is normalized time (time/time to 50% eclosion), x max is the normalized time at which the last insects eclosed, x min is the normalized time at which the Þrst insects eclosed, and k and ␤ are empirical constants (Stinner et al. 1975) .
Determining actual immature survival based on the numbers of eggs laid per pupae would have required dissection and destruction of the host pupae. We therefore estimated relative immature survival by dividing the number of emerged parasitoids in each host-temperature replicate combination by the maximum number of parasitoids that emerged at a temperature within each replicate (Geden 1997) . This approach was justiÞed since aborted parasitism is Ͻ2% at 25.5ЊC (Legner 1987 (Legner , 1988c . The relationship between relative immature survival and temperature was Þt to the equation
where y ϭ relative immature survival, ϭ ЊC, and ␤ 0 , ␤ 1 , and ␤ 2 are empirical constants (Allen et al. 1995 ). The relationship was tested for homogeneity among host species. The sex ratio of emerging wasps was calculated as the proportion female for each host-temperature-replicate combination, and ANOVA used to determine if signiÞcant variation in the average proportion females was attributed to host species, temperature, and host‫ء‬temperature interaction. Similarly, the number of wasps that emerged from each pupa was used in an ANOVA to determine if the progeny per parasitized pupae varied among host species, temperature, and host*temperature interaction.
Adult Survival and Reproduction. Adult survival and reproduction was determined using cages containing 20 Ð25 male and female wasps that were Ͻ16 h old. Two replicate cages were prepared for each temperature and were run simultaneously. Adults were provisioned with 10% sucrose in water and 25 fresh house ßy pupae per female. Dead wasps were removed daily and counted and the house ßy pupae removed and held at 25ЊC and a photoperiod of 16:8 (L:D) h for progeny emergence. New pupae were provided daily. Overall patterns of adult survival and reproduction were examined graphically by pooling data across replicates and plotting the proportion of the initial cohort alive each day and the number of progeny produced per female alive at the beginning of the day.
Median adult longevity (days to 50% mortality) was calculated for females and males for each temperature and replicate, and Þt by linear regression to the equation
where y ϭ median adult longevity (days) and ϭ ЊC. The distribution of deaths was determined separately for each sex, temperature and replicate by calculating the cumulative proportion dead at normalized time x ϭ (time/time to 50% mortality) and Þtting equation 2 to the data. The number of adult progeny produced per surviving female per day was calculated by dividing the number of adult progeny produced from pupae exposed each day by the number of adults alive at the beginning of each day. This was summed for the entire duration of each temperature-replicate combination and used as an estimate of lifetime progeny production. The relationship between lifetime progeny production and temperature was Þtted to the equation
where y ϭ lifetime progeny production, ϭ ЊC, ␤ 0 is a constant, and ␤ 1 and ␤ 2 are the lower and upper temperature thresholds. Cumulative progeny production and replicate was calculated daily for each temperature and divided by the total lifetime progeny production to determine the cumulative proportion of progeny produced daily (Fletcher et al. 1990; Lysyk 1998 Lysyk , 2000 Lysyk , 2001 . The time to 50% progeny production was determined for each temperature and replicate and Þt to the equation
where ϭ ЊC and y ϭ time to 50% progeny production. Times were normalized by dividing by the time to 50% progeny production and the cumulative distribution of progeny production Þt using equation 2. Life Table Parameters . The life table parameters of net reproductive rate (R o ), mean generation time, and intrinsic rate of increase (r) were calculated for each temperature and replicate of the adult survival and reproduction experiment after adjusting for immature developmental time, survival and proportion female (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . Life tables require the following data: age since birth (x), survival until time x (l x ), and the number of female progeny produced per adult female per day (m x ). The adult survival and reproduction experiment yielded information on survival and reproduction for each day since eclosion. For the life tables, x was calculated as (predicted developmental time ϩ age of adults since eclosion). Survival from birth to x, was calculated as the product of immature survival and adult survival since eclosion. The number of progeny produced per female per day was multiplied by the proportion female progeny for each temperature and used as an estimate of m x , the number of female progeny produced per adult female per day. The net reproductive rate was calculated as R o ϭ ⌺l x m x , mean generation time was calculated as ⌺xl x m x /R 0 , and the intrinsic rate of increase calculated using ⌺e Ϫrx l x m x ϭ 1. The net reproductive rate and intrinsic rate of increase were Þtted to the equation
where y ϭ either the net reproductive rate or the intrinsic rate of increase, ϭ ЊC, ␤ 0 is an empirical parameter, and ␤ 1 and ␤ 2 are the lower and upper temperature thresholds. The relationship between mean generation time and temperature was determined using the equation
where y ϭ mean generation time, ϭ ЊC, and ␤ 0 , ␤ 1 , and ␤ 2 are empirical parameters.
Comparison to Local Species. Equations developed in this study were used to compare life history parameters of M. raptorellus with life history parameters previously published for the local species M. raptor (Lysyk 2000) , M. zaraptor (Lysyk 2001) , and T. sarcophagae (Lysyk 1998 zaraptor, or T. sarcophagae. The comparisons were largely qualitative based on the magnitude and direction of the difference. Statistical comparisons incorporating prediction errors or conÞdence intervals were not made. Faster developmental times, time to 50% reproduction, and generation times were considered favorable for a biological control agent. Higher immature survival, female longevity, lifetime progeny production, net reproductive rate, and intrinsic rate of increase were also considered favorable. For developmental time, time to 50% reproduction, and female longevity, differences Ϯ1 d were considered trivial since the sampling interval was generally 1 d. For immature survival, differences Ϯ 0.05 were also considered unimportant. For the remaining parameters, differences Ϯ 10% of Y i were considered unimportant.
Results and Discussion
Immature Development and Survival. Immature developmental time decreased from 71.2Ð12.7 d for females and from 66.4 Ð12.2 d for males as temperatures increased from 15Ð30ЊC. Developmental times decreased slightly at 33ЊC (Table 1) . Equation 1 provided an excellent description of the relationship between the reciprocal of median developmental time and temperature, as evidenced by the high r 2 ( Table  2) . The relationship did not vary signiÞcantly among host species, (F ϭ 0.03; df ϭ 4, 70; P ϭ 0.99), but did vary signiÞcantly among the sexes (F ϭ 3.5; df ϭ 4, 70; P ϭ 0.04). Male developmental time averaged 95.6% (Ϯ5.0; n ϭ 38) of female developmental time. Developmental times predicted by the equation averaged 99.8% (Ϯ5.5; n ϭ 70) of the observed times. Petersen and Currey (1996b) estimated that peak emergence occurred 31, 16, and 13 d after oviposition when immatures were incubated at 20, 25, and 30ЊC. These are similar to the values 25.4, 15.6, and 12.4 d predicted by equation 1 using the same temperatures.
The proportional variation in immature developmental times was not inßuenced by host (F ϭ 0.59; df ϭ 1, 51; P ϭ 0.44), sex (F ϭ 2.73; df ϭ 1, 51; P ϭ 0.10) or temperature (F ϭ 2.31; df ϭ 4, 51; P ϭ 0.07), therefore equation 2 Þt to data pooled across host, sex, and temperature. The model Þt the data well, as evidenced by the r 2 ϭ 0.86 ( Fig. 1 ; Table 3 ). Wasps began emerging at normalized age ϭ 0.75, and Þnished at normalized age ϭ 1.40. These values are similar to those observed for other pteromalids (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 .
Relative immature survival of M. raptorellus was lowest at 15ЊC, highest at 25ЊC, then declined at higher temperatures (Table 1 ; Fig. 1 ). Survival at 25ЊC was estimated at 93%, in reasonable agreement to the Ͻ2% aborted parasitism at 25.5ЊC observed by Legner (1987 Legner ( , 1988c . The relationship between relative immature survival and temperature was well described using equation 3 (r 2 ϭ 0.74, Table 2 ). The relationship was similar among host species (F ϭ 0.53; df ϭ 3, 34; P ϭ 0.66). Equation 3 predicts that the lower and upper thresholds for survival were 14.1 and 39.4ЊC with an optimum at 22.6ЊC.
The sex ratio of M. raptorellus was not signiÞcantly different among temperatures, host, and there was no signiÞcant temperature‫ء‬host interaction (Table 4) . The proportion females averaged (range) 0.60 (0.58 Ð 0.64). This was somewhat higher than the 0.47Ð 0.52 proportion females observed by Petersen and Currey (1996b) and somewhat lower than the 0.60 Ð 0.83 proportion female reported by Legner (1987 Legner ( , 1988a Legner ( , 1988b .
The average number of progeny per parasitized pupa ranged from 4.4 Ð9.6 for M. raptorellus (Table 4) . Petersen and Currey (1996b) reported 4.9 Ð5.0 progeny per parasitized house ßy pupa when reared at 20 Ð30ЊC, lower than reported here. Legner (1987 Legner ( , 1988b ) observed 2.0 Ð3.3 progeny/gregarious oviposi- Numbers in parentheses are standard errors of the estimates. All parameters are signiÞcantly different from 0 based on non-overlap of ϳ95%
2 ) where ϭ ЊC. Nominal temperatures were the cabinetÕs settings; actual temperatures are means during the experimental period. a Immature developmental times at each temperature are the averages of the median developmental times for all host-replicate combinations. n ϭ 7 for 15ЊC, n ϭ 8 for 20, 25, 30 and 33ЊC.
b Survival at each temperature is the average for all host-sex replicate combinations. n ϭ 8.
tion. However, the number of progeny per parasitized pupa is quite variable, and can be inßuenced by a variety of factors including host density. Host density was not controlled or determined in this study. Petersen and Currey (1996b) noted that progeny per parasitized pupa declined from 8.3 to 2.6 as the parasitoid:host ratio declined from 1:1 to 1:16. In the current study, progeny per pupa was signiÞcantly higher when reared in house ßy pupae compared with stable ßy pupae (Table 4) . This is similar to that observed for T. sarcophagae (Lysyk 1998 ) and is likely due to the larger volume of house ßy pupae. The average number of progeny per pupa of M. raptorellus was higher at 20 and 25ЊC compared with the other temperatures. T. sarcophagae also showed a trend for the number of progeny per parasitized pupa to increase with temperature (Lysyk 1998) . Adult Survival and Reproduction. Temporal patterns of female survival and reproduction at each temperature are shown in Fig. 2 . Females lived a maximum of 26 d at 15 and 20ЊC, 20 d at 25ЊC, and 9 Ð10 d at 30 Ð33ЊC. Peterson and Currey (1996b) reported that maximum female longevity ranged from 20 Ð26 d at 25ЊC. Median longevity declined in a linear fashion with temperature, ranging from 9.8 Ð12.3 d at 15ЊC to 5 d at 33ЊC (Fig. 3) . The relationship between median female longevity and temperature was signiÞcant (F ϭ 30.4; df ϭ 1, 8; P Ͻ 0.0006) ( Table 2 ). Median male longevity ranged from 3 to 7 d (Fig. 3) , with no apparent relationship to temperature (F ϭ 0.04, df ϭ 1, 8; P ϭ 0.85). In previous studies, median longevity of M. raptorellus ranged from 10 to 16 d at 25.5ЊC (Legner 1987) and 12.5 to 14.8 d at 25ЊC (Petersen and Currey 1996b) , longer than the 7.2 d reported here.
The distribution of female and male deaths were described separately using equation 2 as maximum female longevity was reached at normalized time ϭ 3.0 while maximum male longevity was reached at normalized time ϭ 6.0 (Fig. 3 C and D ; Table 3 ). Equation 2 provided excellent Þt to the data, with all parameters signiÞcantly different from 1 based on nonoverlap of Ϸ95% conÞdence intervals (Table 3) . As is typical with the other species of pteromalids studied (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 , the cumulative proportion of deaths increased sharply until normalized age ϭ 2.0, then approached an upper asymptote.
Reproduction in this study was completed after 23Ð24 d at 15 and 20ЊC, 11 d at 25ЊC, and 7 d at 30 and 33ЊC. In previous studies, most reproduction was completed within 11Ð15 d at 25Ð26ЊC (Legner 1988a, Petersen and Currey 1996b) . Reproduction tends to be completed before the oldest females die, thus older females may not contribute signiÞcantly to the next generation. The time to 50% progeny production declined from Ϸ10.5 d at 15ЊC to Ϸ2.5 d at 30Ð33ЊC (Fig.  4A ) and was highly inßuenced by temperature (Table  2) . Equation 5 provided excellent Þt to the data as evidenced by the high r 2 . Maximum daily progeny production of M. raptorellus increased from 3.4 progeny/female/d at 15ЊC to 18.2 progeny/female/d at 25ЊC, then declined (Table  1) . Daily progeny production peaked early after emergence, particularly at the higher temperatures (Table  1) . Legner (1988a Legner ( , 1988b reported that maximum daily progeny production ranged from 5.3 to 14.3 progeny/female per day at 25.5ЊC and this occurred within 4 Ð7 d after emergence. Our results more closely resemble those of Petersen and Currey (1996) who observed a maximum of 20 progeny per female per day at 25ЊC within 2Ð3 d after emergence. Maximum daily progeny production of M. raptorellus was less than that of M. raptor at all temperatures (Lysyk 2000) , but greater that that of both M. zaraptor and T. sarcophagae at temperatures Ն20ЊC (Lysyk 1998 (Lysyk , 2001 .
Lifetime progeny production of M. raptorellus increased from 28 Ð37 progeny/female at 15ЊC to 85Ð120 progeny/female at 20 Ð25ЊC, then declined to 48 Ð50 progeny/female at 33ЊC (Fig. 4B) . The relationship with temperature was well-described using equation 6 as evidenced by the high r 2 (Table 2 ). This equation predicted that the lower and upper limits of reproduction were 12.6 and 35.3ЊC, and that progeny production was greatest at 24ЊC. Predicted lifetime progeny production of M. raptorellus at 24ЊC was 111. This falls within the range of 60 Ð165 at 25.5ЊC reported by Legner (1987 Legner ( , 1988a Legner ( , 1988c but was less than the 149 Ð166 at 25ЊC reported by Petersen and Currey (1996b) . The relationship between cumulative progeny production and normalized time was well-modeled using equation 2 as evidenced by the high r 2 (Table 3 ; Fig. 4C ). Progeny were produced between normalized times 0.09 and 3.0, similar to what was seen with other pteromalids (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 .
Life History Parameters. The net reproductive rate of M. raptorellus ranged from 1.8 Ð2.3 females/female at 15ЊC, increased to 39.4 Ð 47.8 females/female at 25ЊC, then declined to 13.1Ð14.9 females/female at 33ЊC (Fig. 5A). Equation 7 Þt the data well, as evidenced by the high r 2 (Table 2 ). This equation predicts that the lower and upper temperature thresholds for R o were 13.8 and 33.8ЊC respectively (Table 2) with an optimum of 42.6 females/female at 25.7ЊC. Legner (1987 Legner ( , 1988a Legner ( , 1988b reported the R o of parental crosses of M. raptorellus ranged from 40 Ð108 females/female at 25.5ЊC. Our observations at 25ЊC are on the low end of this range. Mean generation time of M. raptorellus declined from 82 d at 15ЊC to 14.8 d at 33ЊC (Fig. 5B) , and equation 8 provided excellent Þt to the data ( Table 2 ). The intrinsic rate of increase of M. raptorellus was positive for all temperatures studied, ranging from 0.007Ð 0.010 at 15ЊC, increasing to 0.203Ð 0.206 at 30ЊC, then declining to 0.173Ð 0.186 at 33ЊC (Fig. 5C ). Equation 7 Þt the data well as evidenced by the high r 2 ( Table 2 ) and predicted that the lower and upper temperature thresholds were 14.2 and 38.6ЊC with an optimum of 0.212 females/ female/d at 28.9ЊC. Legner (1987 Legner ( , 1988a Legner ( , 1988c reported that the intrinsic rate of increase for M. raptorellus ranged from 0.136 to 0.170 at 25.5ЊC, lower than the values 0.183 to 0.195 reported here. However, Legner (1987 Legner ( , 1988a Legner ( , 1988c ) used a value of 21.5 d as the age of posteclosion females whereas insects in our 
) and x is normalized time (time/median time). a Parameters k and ␤ are signiÞcantly different from 1 based on non-overlap of Ϸ95% CI (parameter Ϯ t * SE). Means within rows or columns followed by different letters are signiÞcantly different at P Ͻ 0.05 (FisherÕs LSD). For proportion females, the effects of host (F ϭ 0.24; df ϭ 1, 25; P ϭ 0.63), temperature (F ϭ 0.35; df ϭ 4, 25; P ϭ 0.85) and the host * temperature interaction (F ϭ 0.54; df ϭ 4, 25; P ϭ 0.71) were not signiÞcant. For progeny per parasitized pupae, main effects of host (F ϭ 145.6 df ϭ 1, 1,045; P Ͻ 0.0001) and temperature (F ϭ 9.8; df ϭ 4, 1,045; P Ͻ 0.0001) were signiÞcant but the host * temperature interaction was not (F ϭ 1.1; df ϭ 4, 1,045; P ϭ 0.35). study completed immature development in Ͻ16 d at 25ЊC. The shorter immature developmental period may be responsible for the higher intrinsic rates reported here.
Comparison to Local Species. Predicted life history parameters were compared among M. raptorellus and the three main pteromalids species in Alberta (Table   5 ). The predicted developmental times of M. raptorellus were either slightly faster than, or within Ϯ10% of the developmental times predicted for M. raptor at all temperatures (Table 5) . Predicted immature survival of M. raptorellus was 0.17 lower than that predicted for M. raptor at 15ЊC, and was either similar (Ϯ0.05) or higher at the remaining temperatures. Predicted fe- male longevity of M. raptorellus was considerably shorter than that of M. raptor at all but 33ЊC, however, the predicted time to 50% oviposition was within 1 d of that predicted for M. raptor at all temperatures (Table 5 ). This similarity is because reproduction tends to occur early during the adult life of pteromalids (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . The predicted lifetime progeny production of M. raptorellus was considerably less than that of M. raptor at all temperatures, and the differences became greater as temperatures decreased (Table 5 ). The net result was that the predicted net reproductive rate and intrinsic rate of increase were generally higher for M. raptor compared with M. raptorellus, although mean generation time of M. raptorellus was lower at 20 Ð30ЊC and similar (Ϯ10%) at the remaining temperatures. The main differences between M. raptorellus and M. raptor were lower survival of M. raptorellus at 15ЊC, and lower lifetime progeny production that translated into lowered R o and intrinsic rate of increase.
The predicted immature developmental times of M. raptorellus were generally faster than those of M. zaraptor, particularly at temperatures Յ25ЊC (Table   5 ). Immature survival of M. raptorellus was reduced by Ͼ0.05 compared with that of M. zaraptor at temperatures Ն30ЊC. Predicted female longevity of M. raptorellus was Ͼ10% less than that of M. zaraptor only at 20ЊC, and was similar (Ϯ1 d) or higher than that of M. zaraptor at the remaining temperatures. The predicted time to 50% reproduction was almost 3 d less than that of M. zaraptor at 15ЊC, and within Ϯ1 d at the remaining temperatures (Table 5) . Predicted lifetime progeny production of M. raptorellus was either similar to or Ͼ10% higher than that of M. zaraptor at 15Ð30ЊC, but was reduced at 33ЊC. Consequently, the predicted net reproductive rate of M. raptorellus was similar to or slightly greater than that of M. zaraptor at all temperatures except 33ЊC where it was reduced. The predicted mean generation time of M. raptorellus was faster than that of M. zaraptor at 15Ð30ЊC and similar at 33ЊC. In general, the life history parameters of M. raptorellus compare favorably to those of M. zaraptor except at the highest temperatures where immature survival and progeny production are reduced. However, the faster immature development of M. raptorellus resulted in shorter mean generation times, resulting in only small differences in the intrinsic rate of increase at 30ЊC, even though immature survival of M. raptorellus was reduced at this temperature. As a result, the intrinsic rate of increase of M. raptorellus compared quite favorably with that of M. zaraptor at temperatures ranging from 15 to 30ЊC. The slight inhibition of the intrinsic rate of increase of M. raptorellus relative to that of M. zaraptor at 33ЊC should not be problematic for inundative releases as this represents extremely high temperatures during the summer in Alberta. Predicted immature developmental time of M. raptorellus was faster than that predicted for T. sarcophagae at 15ЊC, similar (Ϯ1 d) at 20 and 25ЊC, but slower at 30 Ð33ЊC. However, predicted immature survival of M. raptorellus was considerably greater (Ͼ0.10) than that predicted for T. sarcophagae at 15Ð20ЊC and 30 Ð 33ЊC, but slightly (0.04) less at 25ЊC. Predicted female longevity of M. raptorellus was less (Ͼ1 d) than that of T. sarcophagae at temperatures Յ20ЊC, but was similar (Ϯ1 d) at temperatures Ն25ЊC. The predicted time to 50% progeny production of M. raptorellus was Ͼ1 d longer than that of T. sarcophagae at 15 and 33ЊC, but was similar (Ϯ1 d) at 20Ð30ЊC. Predicted lifetime progeny production of M. raptorellus was greater than that of T. sarcophagae at all temperatures. The predicted net reproductive rate of M. raptorellus was greater than that predicted for T. sarcophagae at all temperatures except 25ЊC, where the difference was less than predicted for T. sarcophagae. The predicted generation time of M. raptorellus was similar (Ϯ10%) or less than that predicted for T. sarcophagae at temperatures Յ30ЊC, but slightly longer at 33ЊC. The predicted intrinsic rate of increase of M. raptorellus was positive at all temperatures and greater than that predicted for T. sarcophagae at all temperatures except 25ЊC where the difference was small.
Although M. raptorellus is not predicted to be as effective at reproduction as M. raptor, its life history parameters compared favorably to the native M. zaraptor and T. sarcophagae at low and high temperatures, thus it may be a useful species to consider for early-season inundative releases. For longer term establishment and efÞcacy of Þlth ßy control, factors such as overwintering survival and its ability to locate and parasitize hosts need to be considered.
